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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the optical waveguide device 
which can be used suitable for the waveguide type light intensity-modulation machine used for high 
speed and mass optical fiber communication system, a phase modulator, a polarization scrambler, etc. in 
more detail about an optical waveguide device. 
[0002] 

[Description of the Prior Art] LiNb03 which has the electro-optical effect so that it may be represented 
by the external modulator with progress of high speed and mass optical fiber communication system in 
recent years The high-speed modulator used for the substrate is put in practical use, and it is used 
widely. 

[0003] Drawing 1 is a cross section of the conventional optical waveguide device used for the above 
high-speed optical modulators. The optical waveguide device 10 shown in drawing 1 is equipped with 
the optical waveguide 3-1 formed in the substrate 1 which has the electro-optical effect, and the 
substrate 1, and 3-2. Furthermore, the optical waveguide device 10 is equipped with the buffer layer 2 
formed on the substrate 1, the signal electrode 4 formed on the buffer layer 2, and a grounding electrode 
5-1 and 5-2. 

[0004] The substrate 1 consists of X cut boards of a ferroelectric single crystal. Moreover, an optical 
waveguide 3-1 and 3-2 are formed so that it may be located between a signal electrode 4 and a 
grounding electrode 5-1 and between a signal electrode 4 and a grounding electrode 5-2, respectively. 
Furthermore, an optical waveguide 3-1 and 3-2 constitute the nothing and Mach-Zehnder type optical 
waveguide for the pair mutually. And the phase of the light wave which guides the inside of an optical 
waveguide 3-1 and 3-2 is changed, and it is made to perform light modulation by impressing 
predetermined voltage (driver voltage) from an external power between a signal electrode 4, a grounding 
electrode 5-1, and 5-2. 
[0005] 

[Problem(s) to be Solved by the Invention] When performing light modulation at high speed, it is 
necessary to impress high driver voltage especially between a signal electrode 4, a grounding electrode 
5-1, and 5-2. For this reason, the signal electrode 4, the grounding electrode 5-1, and the interval of 5-2 
were narrowed, and the method of reducing driver voltage has been taken. However, when these 
electrode spacings were narrowed, the optical waveguide 3-1 and the interval of 3-2 also became 
narrow, and had the case where the light wave which guides the inside of these waveguides interfered 
mutually. 

[0006] Furthermore, since the impedance of the above-mentioned external power is generally 50ohms, 
the impedance of an optical waveguide device 10 also needs to take impedance matching according to 
this. And in order to take impedance matching, the signal electrode 4, the grounding electrode 5-1, and 
the interval of 5-2 had to be extended to some extent. Thus, since interference prevention of a fall and 
impedance matching of driver voltage, and a light wave had the relation which conflicts mutually, there 
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was a certain amount of limitation in making the above-mentioned electrode spacing small and reducing 
driver voltage. 

[0007] this invention aims at offering the optical waveguide device which can reduce driver voltage 
independently on impedance matching, and interference prevention and parenchyma of a light wave. 
[0008] 

[Means for Solving the Problem] The optical waveguide device of this invention is equipped with the 
substrate which has the electro-optical effect, the optical waveguide formed in this substrate, and the 
signal electrode and grounding electrode for controlling the light wave which guides the inside of this 
optical waveguide. While the aforementioned substrate consists of an X cut board of a ferroelectric 
single crystal, the aforementioned optical waveguide is formed between the aforementioned signal 
electrode and the aforementioned grounding electrode. And it is characterized by forming a slot in the 
portion in which the aforementioned signal electrode and the aforementioned grounding electrode of the 
aforementioned substrate are located. 

[0009] This invention persons repeated examination wholeheartedly to obtain the optical waveguide 
device which can reduce driver voltage, without being dependent on impedance control, interference of 
a light wave, etc. Drawing 2 is drawing which carried out the simulation of the electric-field distribution 
produced with the voltage impressed between the signal electrode 4 of the optical waveguide device 10 
shown in drawing 1 , and a grounding electrode 5-1 and 5-2. The number 7 in drawing expresses the line 
of electric force of the aforementioned electric- field distribution. 

[0010] Most has revealed the electric field produced by impressing voltage to the above-mentioned 
inter-electrode one, i.e., electric field, to the substrate 1 interior, without concentrating on an optical 
waveguide 3-1 and 3-2 so that clearly from drawing 2 . For this reason, it became clear that the 
considerable grade of the voltage currently impressed to the above-mentioned inter-electrode one has 
not contributed to the modulation of a light wave. Therefore, this invention persons inquired that the 
aforementioned electric field should be centralized on an optical waveguide 3-1 and 3-2. Consequently, 
it found out that the aforementioned electric field concentrated on the portion in which the signal 
electrode 4 of a substrate 1, a grounding electrode 5-1, and 5-2 are located by forming a slot an optical 
waveguide 3-1 and 3-2. 

[001 1] Drawing 3 is the cross section showing an example of the optical waveguide device of this 
invention, and drawing 4 is drawing which carried out the simulation of the electric-field distribution in 
this composition. In addition, especially in drawing 3 and 4, signal-electrode width of face and 
grounding-electrode width of face are expanded and drawn that the feature of this invention should be 
explained clearly. The optical waveguide device 20 shown in drawing 3 and 4 has the same composition 
as the optical waveguide device 10 shown in drawing 1 and 2, except that the slot 16-1 to 16-3 is formed 
in the signal electrode 14, the grounding electrode 15-1, and the 15 substrate 1 1 in which -2 is located. 
[0012] If a signal electrode 14, a grounding electrode 15-1, and 15-2 set caudad and a slot is formed so 
that clearly from drawing 3 and 4, the rate of the portion exposed to the substrate side of a signal 
electrode and a grounding electrode will decrease. And the inside of slot 16-1 - 16-3 is a cavity, and the 
dielectric constant of the portion is equal to the dielectric constant (=1) of air. 

[0013] Therefore, if voltage is impressed to a signal electrode 14, a grounding electrode 15-1, and 15-2 
from an external power, line of electric force 17 will come out from the edges 14A and 14B of a signal 
electrode 14, and will come to go into edge 15-1 A and 15 -2 A of a grounding electrode 15-1 and 15-2. 
That is, electric field will not pass the portion of the slot which is a low dielectric constant rather than a 
substrate 11. For this reason, line of electric force concentrates an optical waveguide 13-1 and 13-2, and 
it comes to pass. Since the rate used for the modulation of a light wave of the voltage (driver voltage) 
impressed to the above-mentioned inter-electrode one by this increases, a light wave can be modulated 
with applied voltage smaller than before. 

[0014] Driver voltage can be reduced even if it does not change the interval of a signal electrode and a 
grounding electrode in any way according to this invention so that clearly from the above explanation. 
Therefore, it can be made to be able to become independent of interference prevention of impedance 
matching or a light wave on parenchyma, and driver voltage can be reduced. 
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[0015] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail based on the gestalt of 
implementation of implementation of invention, referring to a drawing. As for the optical waveguide 
device of this invention, it is desirable that the slot 16-1 is formed in a part for a center section 
substantially [ of the cross direction of a signal electrode 14 ] like the optical waveguide device 20 
shown in drawing 3 and 4. By this, line of electric force comes out equally from the edges 14A and 14B 
of a signal electrode 14, an optical waveguide 13-1 and 13-2 are passed by the equal electric field 
strength, and it comes to go into edge 15-1 A and 15- IB of a grounding electrode 15-1 and 15-2. 
Therefore, the light wave which guides an optical waveguide 13-1 or 13-2 can be modulated equally. 
For this reason, the optical waveguide device of this invention can be especially used now suitably as a 
dual type optical modulator. 

[0016] Moreover, as for the depth of a slot 16-1 to 16-3, being formed in homogeneity, respectively is 
[ that the formation process of a slot should be simplified ] desirable. A slot 16-1 to 16-3 can be formed 
by etching using the predetermined mask, laser beam machining, machine lathe turning of micro control, 
etc. 

[0017] Moreover, in the optical waveguide device of this invention, it can also be filled up with the low 
low dielectric materials of a dielectric constant rather than the ferroelectric crystal which constitutes a 
substrate to at least one of the slots formed in the portion in which signal-electrode ********** [ s 
located as it is the above. Also in this case, as the portion with which the low low dielectric materials of 
a dielectric constant were filled up is not passed and it is shown in drawing 4 , an optical waveguide is 
concentrated and it comes to pass the line of electric force generated between a signal electrode and a 
grounding electrode. Therefore, a light wave can be conventionally modulated with low applied voltage. 

[0018] Furthermore, since the intensity of the substrate itself increases by filling up the aforementioned 
slot with low dielectric materials, an optical waveguide device can be handled easily. Moreover, from a 
viewpoint of handling of an optical waveguide device, when the intensity of a substrate needs to be held 
in a certain amount of size, the size of the slot formed in a substrate will be restricted to a certain amount 
of range, and a certain amount of limit will be imposed on reduction of driver voltage, however, the 
thing for which a slot is filled up with low dielectric materials — the intensity of the substrate itself — a 
considerable grade « it can hold greatly For this reason, the reduction of increase and bigger driver 
voltage of the flexibility of the size of a slot is attained. 

[0019] It carries out by forming membranes through the aforementioned mask as a method filled up with 
low dielectric materials in a slot, for example using the mask which has opening by the sputtering 
method, CVD, etc. into the portion equivalent to the aforementioned slot etc. 

[0020] X cut board of a ferroelectric single crystal to a bird clapper is required for a substrate 11. When 
it constitutes a substrate 1 1 other than X cut board (for example, Z cut board of a ferroelectric single 
crystal), driver voltage can be reduced even if it does not take composition like this invention. Because, 
when Z cut board is used as a substrate, composition of a signal electrode in which each optical 
waveguide is located caudad is adopted from the reasons of obtaining an effective magnetic field 
distribution. Therefore, the line of electric force which comes out of a signal electrode passes an optical 
waveguide inevitably, and goes into a grounding electrode. For this reason, it is because the rate which 
contributes to the modulation of the light wave which guides the optical waveguide of the voltage 
impressed to inter-electrode increases and driver voltage can be reduced. 

[0021] As a ferroelectric single crystal which constitutes a substrate 11, LiNb03, LiTa03, and PLZT 
(PZT lanthanum) can be illustrated. Moreover, as the above-mentioned low dielectric materials, the low 
material of a dielectric constant to a bird clapper is more nearly required than the above ferroelectric 
single crystals which constitute a substrate 11. Specifically, they are Si02, Teflon, and aluminum 203. 
And glass etc. can be mentioned. 

[0022] In the optical waveguide device 20 of this invention shown in drawing 3 and 4, when taking 
impedance matching with an external power, it is required to carry out by controlling not only the 
interval of a signal electrode and a grounding electrode but the width of face of a slot 16-1 to 16-3 like 
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before. Because, the width of face of a slot 16-1 to 16-3 etc. is for affecting the density of the line of 
electric force which comes from the edges 14A and 14B of a signal electrode 14, and goes into edge 15- 
1 A and 15-2A of a grounding electrode 15-1 and 15-2, i.e., an electric- field distribution. 
[0023] Thus, the width of face of the slot 16-1 to 16-3 which affects the size of driver voltage etc. also 
affects the impedance matching of an optical waveguide device in practice. However, it becomes 
possible by determining that the width of face of a slot etc. will reduce driver voltage even to a 
predetermined value in the 1st **, changing an electrode spacing after that, and taking impedance 
matching to make parenchyma top both become independent and to control. 
[0024] 

[Example] Hereafter, based on an example, this invention is explained concretely. 
In example 1 this example, the optical waveguide device 20 which comes to form a slot 16-1 to 16-3 in 
the substrate 1 1 as shown in drawing 3 and 4 was produced. In a substrate 1 1, it is LiNb03. X cut board 
was used. And the optical waveguide 13-1 with a width of face of 7 micrometers and 13-2 were formed 
by Ti thermal diffusion method in this substrate 11. subsequently, Si02 from — the becoming buffer 
layer 12 was formed in 1.6 micrometers in thickness Subsequently, as a buffer layer 12 was not 
processed with a metal mask, efficient consumer response etching processing of the substrate 1 1 front 
face was carried out, and the slot 16-1 to 16-3 was formed so that the electrode width of face t which 
projects from a slot might be set to 3 micrometers. Subsequently, the signal electrode 14 which uses 
plating and a vacuum deposition together and consists of Au, a grounding electrode 15-1, and 15-2 were 
formed in 20 micrometers in thickness. In addition, the width of face T of a signal electrode 14 was 20 
micrometers. Thus; when the seal of approval of the voltage was carried out to the formed optical 
waveguide device 20 from the external power and driver voltage was investigated, it was abbreviation 
6V. 

[0025] In example 2 this example, the optical waveguide device which comes to fill up the slot 16-1 to 
16-3 of the substrate 1 1 as shown in drawing 3 and 4 low dielectric materials was produced. An optical 
waveguide 13-1,13-2 and the buffer layer 12, and the further formed the slot 16-1 to 16-3 like the 
example 1 using the same substrate as an example 1 . subsequently, vacuum deposition - Si02 from - 
the slot 16-1 to 16-3 was filled up with the becoming low dielectric materials Subsequently, a signal 
electrode 14, a grounding electrode 15-1, and 15-2 were formed like the example 1. Thus, when voltage 
was impressed to the formed optical waveguide device 20 from the external power and driver voltage 
was investigated, it was about 6.5 V. 

[0026] The example of the example book comparison of comparison formed the optical waveguide 
device of the shape of isomorphism, and this size like the above except having not formed a slot in the 
above-mentioned example. When voltage was impressed to the ******** optical waveguide device 
from the external power and driver voltage was investigated, it was abbreviation 8V. Above, the optical 
waveguide device of this invention is understood that driver voltage is very low so that clearly from an 
example and the example of comparison. 

[0027] As mentioned above, although it ** in the gestalt of implementation of invention and this 
invention has been explained concretely, giving an example, unless it is not limited to the above- 
mentioned content and deviates from the criteria of this invention, all change and deformation are 
possible for this invention. For example, it is also possible to form in the lower part of a signal electrode 
and a grounding electrode instead of forming a slot in a substrate. Moreover, it is also possible to form a 
slot in both sides with the lower part of a substrate, a signal electrode, and a grounding electrode. 
[0028] 

[Effect of the Invention] It is made for the electric field which form a slot in the substrate of the portion 
in which a signal electrode and a grounding electrode are located, and are formed of the voltage 
impressed to inter-electrode [ these ] to concentrate the optical waveguide device of this invention on an 
optical waveguide. Therefore, reduction of the driver voltage of an optical waveguide device is attained. 
Moreover, since reduction of driver voltage is attained without narrowing an electrode spacing, it 
becomes possible interference of the light wave by an optical waveguide approaching, and to make it 
become independent of these on parenchyma, and to reduce driver voltage, without barring impedance 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide an optical waveguide element reducing a 
drive voltage substantially independently of impedance matching and 
interference protection of a light wave. 

SOLUTION: This optical waveguide element 20 is provided with a substrate 11 
having an electrooptical effect, optical waveguides 13-1 and 13-2 formed on the 
substrate and a signal electrode 14 and ground electrodes 15-1 and 15-2 for 
controlling a light wave through the optical waveguide. The substrate 11 
consists of an X cut plate of a ferroelectric single crystal, and the optical 
waveguides 13-1 and 13-2 constitute the Mach-Zehender type optical waveguides, 
and are formed between the signal electrode 14 and the ground electrodes 15-1, 
15-2. Then, groove parts 16-1 to 16-3 are formed on the parts of the substrate 
11 where the signal electrode 14 and the ground electrodes 15-1, 15-2 are 
placed. 
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